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Introduction 



^The purpose of this unlt^ is to investigate a * 
. simple ene.rgy netv/ork and to make an analogy 
with, similar mutually supporting networks in the 
natural and man-made worlds. 

The lessons Ir t}a^ Init'.develop the network idea 
around a simple electrical distribution system 
that, we ^depend on and also into further considera- 
tion Qf -electrical energy -Itself. The network 
idea in the tater lessons empha^^^s the" inter- 
dependence of the man-made network for producing 
a^nd distributing electrical energy and the natural 
ecologi^a] network. In the final 'lesson the con- 
suming end of thQ network, is examined and some 
strategies- for censuring electrica'l energy 'are 
examined . . , , 

Students should lenrii that energy * networks s»uch 
as the electrical ' eirc^iits are a necessary part 
,Qf modern lifek V7e also expect them to learn -> 
about sourpes, inversions, and use^ o^ .elec- 
trical e'nergy. . . * . ^ 



Lesson Title . - * 

1. . A Working Electrical 
Ci?:cuit 



2 

3, 

"4. 
5. 
6. 



Networks IJnderground 

How Does Nature Help Us 
■ Get Electricity? 

Here's Energy Changing 

It's Energy You Pay For 

How Our Need^for Coal 
Affects the Environment 



Targe^t Cl asses 
Science 



ScTence/ Social Studies 
Science, Social Studies 

Science 

Social Studies ' 
•Social Studies ' * 
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Lesson 1: A 'V70RKING ELECTRICAL 'CIPCUIT 



Overview 



Objectives 



This lesson gives stude-ats an opportunity- to 
construct a . simple .enefgy ne'twork: a working, 
electrical 'ciT-cuit-. ' ^ 

^Students .sho;jld be able to: ^ ' ^ ^ 

• 1. Make a circuit with wires, dry cells, 
- and bulbs, ^ 

2. ^ Recognize *open and closed circuits, 

3. Arrange bulbs in series aAd parallel 
circuits ajxd distinouish between the two. 



Time Allotment: One-fhrfee class periods. 



Materials 



Baclcground 
- Information 
(Teacher U&e Only) 
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Dry cells (size D) - ^ ' 
Bell wire (uninsulated) * 

Flashlight bulbs * 

Switches . ' ' 

Christmas. tre.e flights (two ' sets , series ajad 

, ^ ' ' : parallel^ wire^')' * 
Sockets for bulbs ^ ■ 

An electrical circud,t is an arrangement of .com- 
ponents which provides a path around which elec- 
trical charges can flow. When this flow takes • 
place', we speak of *a closed circuit. When an air 
gap or some -other non-conducting segment prevents ^ 
the flov, it becomes an open circuit. (A short 
ci-i:auit is a path through which pctentialXy damag- 
ing large currents c^an flow.) 

The simplest. electrical circuit consists of a ; 
source* (in the present case, a battery), the con- i 
ducting v/ires which- link the -various components 
together, and a conversion device,^ 1 such as a bell, - 
light, he-^ting el^ient, etc. 

'The idea of a circuit emphasizes, that electricity 
is a flow of electrical, charge that must^ be 'con- 4 
tinuous from source through conversion b.ack to g 
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source.. Electrons ; ii} sir.ple circuits' such as , 
the one we look at first; leave'the battery with 
some kinetic energy ; .flow through the wires 
(losing^ some kinetic energy in heating up the ^ 
wires) /\give up most of their kinetip "energy in* 
the form'of light and heat in the light bulb and 
finally return, with very little energy lost, to 
the battery. Energy has -been converted but- the 
sa^tl^ numtier of electrons that leave the battery 
re-enter it each second. 

Electrical devices (bulbs , dry cells); may be^ con- 
nected in two basic connections series or para-- 
llel. In a series connection, each buib must be* 
working in order for the others. to' work. In a 
parallel c^omiectipn , the electricity is- divided 
anc ^lov/s through each bulb. Each bulb, -there- 
fore, -^is part of a -separate . c.ircuit , independent 
of the other bulbs. ^ 

Open the Tesson by asking^ the class to list as 
many ways as possible in whi-ch they us^ elec- 
trrcity. '(Accept all suggestions . Students will , 
probably mention- flicking on a light, playing-a 
radio ^or TV, record plager , ^ etc . ) Write the list 
on the board. 

Ask students to describe v/here the electricity 
comes, from and how it get^ to each of t;hese ex- 
amples. (Accept all answers, ^or example, ^ plug 
in/the^wall, from a battery, etc., 'hut make sure 
tb'ey recognize' that conducting paths such as wfres 
are ifivol-^d .) . .. • ^ * < 

Distribute the naterials for making a, mpdel of 
an electrical system: , 

Flashlight *bult> ' - • ' . • 

^ Wi re (uninsulated, ©r at ^least bare at both •ends) 
'Flashlight battery or, dry cell 

-Wind one end of hare v/ire , tightly around the 
threaded part of the flashlight bulhl "Tape the^ 
other end, to the metalT contact at the bottom of. 
the. bulb-. Then give students the wired' bulb and 
battery and ask them to make the bulb light up. 
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They should recognize that both wires have to be 
connected separately to" the top and bottom t^r-- 
minals of the battery, - Discus^ the QQ^cept of a 
circuit; tr.acing the path' of the electrical cur- 
rent out of €he .battery; tlir^cjh the biilb and back 
'into the bhttery. (if you have a burned'> out 
bulb available , you might give iz to a student to 
see if ,he/she'can discover that the filament in- 
Side the bulb is broken; makihg the -path through 
the bulb incomplete. Note : Be sure to use a -bulb 
-^in-V/h-ich— the--b^Ql^n— f-i4raweivt-i 

Let the students, experiment with the electrica:l 
systems : , 

,1) by seeing if o.t makes any difference- 

which wire , is* connected to the positive 
end of, the bat4c^ry and which to the neg- ^ 
t a ti^/e end . ' ^ ' ^ 

2) by adding two pieces' of wire. 

3) Sy adding pieces of string. "Why doesn't 
* it 'work with string?" . * u 

4) by seeing if they can connect additional 
batteries or bulbs to the system.., . 

The difference between an open* and* closed circuit 
(ran be illustrated by adding a switch ta the cir- 
guit. An old fashioned switch with a metal ^strip 
that ".moves- in and out of the contact is best. 
The switch controls the electric flow. Ask: "How 
can you tell when you have a closed circuit?" 
' (Bulbs li^ht.) "What shows that you have an open 
circuit?" JBulbs do not lights) 

Ask: "VThat kinds of th'ings do you need for ^n 
electric circuit?" Lead them , to' the 'idea' Qf a 
source; an energy conversion device; like the 
bulb; and the connecting wire/ Help them to find 
ou-t that each of 'these has a cTifferent use hy ex- 
perimenting, trying to build a working circuit 
without one of the three components '(two bat- 
teries and no bulbs,^ for instance). "C&n you 
make a complete circuit without the bulb? How 
Would ^ you know if it* is, complete?" (The wire 
gets^ 'hot, so el-ectrdclty nust be flowing through 
^'^*) Note : Ba careful. The wire gets very hptl 
The students shoul*d be able to generalize that 
without the bulb the v^iiFe is both a -conductor 
and, the energy-connecting device* You always 
"heed all three^- types of components to make a 
completey-circuit. 



o 



student Choose students tnake up two teams. Have wo 
Activity 2 * or three students pei?* teani. Give each team three 
bul'bs/ lengths of wire, and batteries. Have one 
team connect these components' in a series circuit . 
The other team should connect . the bulbs in h para - 
llel circuit as shown in diagram below. 






Student 
Activity 3 



Hav^ the students disconnect one of. the h-ulbs 
t 



from the series set. "What happens?" (All the 
^bulbs go out,) Have the students disconnect a 
bulb from the. parallel set. - "What happens?" 
(The other bulbs ao not go out.) 



Materials : ^ ' , 

-^Hand crank generator (borr ow from high school) 
Flashlight bulbs 
Sockets* for bulbs 

-Five pieces of insulated wire (lengths' of 
six feet each) t 



Choose five or si»x students from the closs to 
represent some parts of a city. Ilcjve' the r^tuc^ents 
locate in different places in the room. Have a 
student represent the power plant, and turn t!^c 

s^generator. ^ Have the other students* place their • 
bulbs in a pocket and connect their spcket witli 

. wii;e to ^he next stude*nt*s socket. Tn this way 
they w;l11 make a series circuit. 



Have the student playing the power plant turn fhe 
crank of the generator. If all coniponents are 
workinc, the "city" should light up. 

Dry" cells may -be used instead of a hand-cranked 
'generator. An interestec^ student might be per- 
suaded 4:o ^make a cardboard box set-up' to demon- 
strate his/her electrical circuit. 

Ask the following questions: 

1. What does the generator do? (It.pror0 

duce*s the curren^t in the wire which lights' 
the bulb'^:) - ' 



Concluding' the 
Lesson: Student 
Activity 4 



2. What will^happen to (different parts df 
the , '"city" if the generator does^ not do 
its job? [Have sti\Uents di sconnect one 
of the wires ^leading fi:^om ^the generat^or.- 
The light in that part of the "hity^" 
, (Stu'dent X) would go out .] ^ ^ 

Note: It mi^ght .prove intere^sting to tell ,the 
students that they now have to supply the city 
with electricity, but without using wire's you can 
^see. What would ea^h of you suggest? Try it. 

Have students work the crosswoa;d puzzle' and fill 
in the blanks in the sentences w'ith - the proper 
word. 
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■ student. BULBS AND BATTFPIF.S CRPSSW9FD PUZZLE 

■^Activity , 4 • v ■ 
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Across 



Down 



2. 
3. 

4. 

5.. 



'The source of electric energy used in this 
lesso-n. 

Current flov/s in a ^ 

One way to change an electrical sy^stem is 

*to* add moxe' ^ ' - ' - ±. 

are used to* open and close a circuit, 

3 ' the current caij: flow 

through more than one patb. 

Electrical ^ are very u^ef^il. 

Current doe§ not' f Tow when we have an , 



8. 
9. 

10. 



* * is a* very useful form of energy. , 

iT^-^-; the C4rrent has only one 

1^ ^ ' * ' • is the term used to ex- 
plain the flow of large amounts of current • 
that damage the system. . . 
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Answers AcxoA^ ^ 

""^ ^ 1 . ^DRY CELL 

2. 'closed circuit 

3. BULBS 

4 . SWITCHES 
^ . 5. PARALLEL CONNECTION 



Down 

6. SYSTEMS 

7. open circuit _ ' 

8. 'electricity 

9. SERIES CONliECTION 
10 , SHORT, CIRCUIT 



You may want -to allow t^ime to do the .extended 
activity. It i s * snggeste.d that this be a small * 
group activity. • - " ' ' ' / 

- V- ^ * . ' r ^ ^^^^ 

Make an pleotric quiz board. > ^ ' 

Materials : * 

Tape * , V . • 

Hole puncher 
• Aluminuri foil* strips 
Thin, cardboard [ , — ^ 
Paper fasteners 

Pape^'r - ' ^ ' 

' Note ; The students^ ca^i design the electric qrr.i 2! 
boarc^ dn any subject, using ^questions or*pictures 

Directions 

, Punch two rows of holes in a. sheet of thin card- 
board,^ Put questions or pictures next to* one 
row of holes. V7rite the names or aViswers next, 
to the other, but do* not put -them in the same 
or<^er. On the back the thin cardboard, con- 
nect the h9les' that match. Use strips of ^alumi- 
nuiT' foil for the connections. Use a light cir- 
cuit with an opening in it. Use this circuit 
to chec^^ each pa*rt 6f the test. , The light should 
go on when you hold -^he wires in any two holes 
that If the answer i-s right, the light 

will ccHHpn. • ,(See diagram- next page.) 
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othft, foil strip is going 
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Lesson 2: N ETWORKS UNDERGROUND 



Overview 



Objectives 



Much of the energy being transported ' in a city 
each day lies buried beneath the pavement.. Yet 

•it is in these hidden wires ^nd circuits that 
people and thfeir goods and services are linked 
together. In this lesson we of fer ^studeats a 
glimpse into this underground world" of energy 
distribution.'. We also offer a look at our de- 

\ pendency on our electrical energy network^s 

Students should be able to: 

1 . Recognize a simply netwoo:)^ of di str i bu- 

tion of electrical power within a' compiunity 
• 2. Relate how he/she might be affected hy an 
\ electrical ^ovjer failure . - * ^ 

3. Explain how we depend on electricity. 



•^Time Allotment 
' -Materials 



IVo-three class periods. 

(The quantity you will need of each item will, 
vary according to the number of students you hav^e 
in your class or the nuiriber of students who choose 
to participate, individually or in group.) 

Picture of a power plant " ^ ' - 

Picture of a city 

Strings of Christmas lights 

Wooden dowels (or sturdy -tree branches) ; 

SiLory^: * New York City Blackout ' ^ 

Map: ' New YtDrk City ^Blackout ■ ^ ' ' - . 

Oak tag paper Tape " , ' 

Paper , . , * Crayons ' • 

Scissors • ■ Clue . 

Copies of Student Vyorksheet , * ^ 




Background 
InforjRiation' 
(Teacher Use Only) 



r 



. Teaching 
Strategies 



Developing the 
Lesson 



We- consider "turning on t;he^switch" ^oidinary 
event. It is the most common device that pro- 
vides us with electricity. Tracing the origin of 
the electricity In the switch uncovers 'an energy ' 
network 'as • the diagram on the next page shows. 
Thfis networV transfers energy from the water power 
of' a dam through turbines and' generators in the 
power plant, through pov/er lines and into a home 
or building. 

Contact yoijir city or community planning office 
for information al'out the network of electrical 
power in your own community. Invite someone from 
this pffice to visit your class to give a short 
talk about electricity and electrical service in 
the ct)mmunMy • 

Open this lesson- by asking questions similar 
to those in Lesson 1. "Where* does electricity 
come from, and how does it get to the things we 
use \radio, TV, etc.)?" 'Remind students of their 
answers: "from the pTug", "wire in the wall", etc. 

Ask: "How does the electricity get iHo your house?" 
(Accept responses such as: on utility poles; on 
wire's.) "How does, the electricity get to the 
Wires?" ^ (Frjom. a power plant}) ' ^ 

Distribute the pictur.e of a pcv^er »plant. Have^" 
.students point to the building. "What is this 
.building galled?" (Power plant; ^hyclro-electric^' 

plant.) "WhSre m.ight you go to see a plant ^*;e 

this?" ^ r^lnsu^ers wijl vary.) "What is the pur?=^ 

pose of this plant?" (Produces electricity . ) 

"Where is the electricity sent?".; (to my house; 

to the town, etc.'p "How is the electricity 'sent' 

tpxhese places?" , (Through wires,) 

Distribute the picture of a City Without Elec- 
tric Wires. 'Tell students it is theii: job to get 
electrical power to each, building in the city. 
Start v/ith the substation. Point to each place.- 
shown in the pictur'e as' the activity develops. 
Have students draw power lines on their pictures, 
but anticipate that most will draw lines above 
ground; coplfecting the buildings with the snib-^ 
' station. 
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Ask students to describe what their lines look 
like. (Roads, webs and nets 'will be mentjon^d 



among bt^r likenesses . ) 
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Resource 

Water 
Coal 
Uranium 



Falls 



Burns 



Splits 



Force 




^ Tjjrbine 



- DEyVERED : 
TO 

» COMMUNITY 

\1 



Generator 
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□□□□ 
□□□□ 
□□□□ 

□ □□□ 



CINffV\A. THEATER 



KING ■ 





SUBSTATION 



* Tell students that ^tbe word '^network" descKJ.hes 
one manner in which numerous things can be coi^- 
nected* ^ ^All the houses and buildings in a conN 

''munity. need to b^ connected with a source of 
electfdcal ,powar . Tell the students' they -have 
drawn a network vhen they have provided each 
building with a line representino electrical 
wires . ' * " . ^ 



Afek studertts if they c 
^ distribtite' electricity 
^this way. • (This time 
'the wires underground 

what tie's the parts of 
Aground and that most o 

sections of old cities 
. placed; underground . G 

to discuss the reasons 



an think of another way to 
' to the city. Draw lines 
students will probably draw 
) Explain' 'that much 'of 

a city together is under- 
f the newer cities, or new 
, have their electric wires 
ive students an opportunity 

.for underground wires ^ 



Class . Students may wi$h to construe 
Activity on \the electrical power netwo 
use the 'general pattern for c 
- blocks represent community 
, Air of these can be modified: 
ever bvilding^'they are making 
and cut but Holes for windows 
hole in the "floor" for the 1 
the community using strings o 
^ to simulate the power ])ines a 



t a community focusing 
rk . Have students 
ut, fold, and past^ 

buildings and homes, 
to represent 'wKat- 
Use oak tag paper, 
and doorsT^-a^ 
ight bulb^ out 
f Christmas lightf 
nd lights, for bu^f^-cjings . 
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Students] may have theiSt: power l:inel^~3bove~groui 
02? place. them underground. MoodeiL^Qwe^ ti 
branches can serve as above-ground poles , but 
will probably need to be taped .in place or proppec 

Ask: "Have you ever seen a sign reading: BEFORE 
Y0tJ DIG, CALL YOU^ ELECTRIC CpMPANY^? Why do you 
think this.s^ign was posted?"' (Answers will vary, 
but some student may suggest t ha t^ underground » 
cables could be damaged if a ^shovel digs into them.) 
"What would happen then?"' *(Local electrical 
power failure.) "What are' some advantages of 
having cables (wires) underground?" (Answers, will 
vary. Likely re^s'ppnses are:^ too many wire^s s/iow- 
ing; y<^u could not see the sky; they take up' too 
much space . ) 

"If electricity was' shut off in the^ school, what 
wouldn't run anymore?" (Put list on chalkboard . ) 
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' Then ask: "What wouldn't work-in our hpmes?^ - 

What things would still v/ork?" /Assign • class *inein- 
'^bersto* address dim'of these two. categories . 
Ass^fTTaXrfejCorder eagh group ta»list the sug- 
gestions from ±he group. Call the* class together 
^ ' in a f^w jninutes and have the rejcordefs report to 

the wholes-class, • . \ \ * 

> * • *" * * • • 

Concluding the i.Call on members .of the clas^ to^tell Aeir ex- ' ' 
Lesson . perienqes when electrical ppwer. went out in their. 

homes. Talk- about "biackoutsV and^^plore feelings 
and attitudes during this timej 

Distribute'"^^?JO^pies' of the s'tory pf the ^New. York 
City Blackout, 1977. /Have studenjt^s read the story 
" and answef: the questions^. Discuss the question^ 
after sufficiie'nt time hasvpassed. .* ^ 

■ • . ( 

Have tKe students choose a season ofNthe yea-r, day 
of the week and time of day an'd write a "What If?.. 
^ story^ about the day, the lights went ,out in the 
students ' ^ajDrnmurtity • . ^ . * 

Have stuc'ents answer the questions below before 
they begin writing. • Then sugge3t 'that they write 
their story. 4 * ^ 

1. What - happened? . ^ ^ 

2. Where - did it happen? 

'3. When^- did_ it 'happen (tijne/ day., week, .year 
\ 4.' Why - did it happen? • ' ^ — r 

. \ '5. What things would be 'affected? 
^ 6. ^ HoW'Vou'ld they feel about it? ^ 
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New York City Blackout, July' 13, 1977 

\/ ■ ■ 

New Yotk City stopped at about 9.:3\ on a hot summer, 
" night. The^television screen went blank* And lights 
>r^nt out. all ovqtr'the giairt city. Over in the amjiS^ 
ment ^^gfk the '"Wonder Wheel" ' stopped with people .at 
the top.\It took a Idng tipie for workmen to crank- 
the wonder \heel dovgisrby hand and let^^ie frighte;ned 



people get on^ the ground again. 

^ Trefins stopped runn^^ Airf)orts closed dowji. ' All 
airplanes had to go to airports in Newatk,. New^ 'Jersey 
or Philadelphia, Pennsylvania where the lighffeswere 
still on^ .There were no^itiore r^ and green traffic 
lights. It became so-dangen^us-to drive Wll* traffic going' 

In every direction that some oeoDle left - ' 
their cars 'and began their long trip home on foot^ 

Other people had to walk home In the dark when, the 

subways and the^ inrcity electric trains had no more 

electric power. When the people got to their apart- 

ment buildings, they found they had to walk up to 




their apartments using the stairs. The elevators 
didn't work either I Inside, the apartment air was- 
hot and stuffy because fans and air conditioners^ 
quit running. People opened their windows to get 
.some air and shook their heads in amazement at the 
darkness all ground. Some people laughed at the dark 
nesS/ but most grew very worried. All of a* sudden 
'the neighborhood seamed so different. So many dark 
places. What if they should get. sick? Who could 
help them if the lights went out in- the hospital?' . 

As ^ matter of fact, in Bellevue HospitajL? the city's 
largest hospital, doctors completed knee surgery on 
a patient by candlelight. And candles burned in 
nearly every room of the giant hospital. ^ 

They were used in theatrea and restaurants, too. But 
in some places there were no candles that could be 
lighted. The actors and the audience had to leave, 
dark theatres and go out into the dark streets. 

"What's wrong?" everyone asked everyone else. 

What went wropg was caused by lightning. During an 
electrical storm — which means lot^s of thunder and 
lightning — w.ay over in Westchester Couhty, lightning 
hit important power lines. These power lines' con- 



page 3 nected the major power plant and the smaller power 
plants around New York. These power plants shared 
^* the electrical aystem. 

Then lightning hit a large transformer near the 
Nuclear Generating Plant, starting a fire. The 
fire caused the transformer to explode and the nuclear 
power plant had to shut down. Engineers tried to 
get power from the substation' to get the .electricity 
to run the city/ but they^ overloaded the system. 
The whop.e electrical sys.tem broke down, and blacked 
out a city of J.0 million people! 

When the eiectri6al system didn't work, New York 
didn '£ work. ' ' ; . l 



23 



ERIC 



Questions !• . Think back >over the story, ^Find the place 
about the ' , on tl]e map where ligh'tning first hit the ; 
Story power lines. (Westchester . ) 

2» Tell 'in your own words why the system didn't 
work. Point to places on the map that show 
the chain of events that caused tlje blackout. 
(Student answers will^vary* You might- 
help them^to see that the power lines', 
main and substation po wer plants , 'etc. 
are interconnected parts of an electrical 
. system. A -small break* in tfie system may 
• . ^ ' c'a'u'se an Jnterruptiph to a neighBorhood , 
, but a series of ,,big breaks can make ar 

whole, system\collapse . ) 

^ 3.. List some of the- ways, people in the story 

<deper,ded on ele^ctricit^.' > (Student answers 
*will vary. They should point out that 
electricity r^akes the following things 
, " ^ lun:^ traffic lights, elevators, trains, 

subways , lights , jnovies , rides at an 
^ amusement park, etc*) 

' . . ^ 4. Are thesQ the same ways you U3e electricity? 

X" \ (Urban students will probably agrfee that 

they use electricity in much the same way 
-atid with the same degree of dependence. 
Rural children may meniion the many ways 
electricity is used on the farm.) 

5. How important is electricity in your life? 
' (Student answers w.ill vary . Most will 

probably agree that electricity has become 
a basic need . ) 

6. VThat could you use instead of electricity to... 

a. Heat your home? - ^ 
(students may mention wood stoves, coal 
and gas-furnaces, fireplaces, etc.) 

b. ^ave light 1;o see by? 
(Bat^tery lights, gas lights, candles, 
kerosene lamps , firelight , etc .) 

c. Cook your food?. ' _ 
(Natural gas, kerosene stoves; propane 
stoves, wood-burning st^oves, fireplaces , 
etc . ) 

7. How well do you think your ideas' will work? 
22 • ^ 



(Student answers will vary. PoTnt out 
the. dependence of modern life an elec- 
tricity and on systems that bring J t to 
us. At this ^point you may want "to clinch 
the idea that tie source of electric 
power^ is th'q^*burning of fossil fueJ^ at 
the power station should the student 'dis- 
cussion take this turn.) 

What things that you' do now , could you do even 
if you didn't have electricity? ' 
(Answers wil^ vary.) 
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Lesson 3: KOW DOES NATURE HELP US GET EL};CTRICITY? 



Overview 



Objectives 



Time Allotraent 



The activities and discussions in this lesson ad- 
dress the topic of the sources of electrtttal 
energy, 

^Students should be able to: 
. . 1^^ List "several sources of electrical energy. 
2. Describe in a drawing the network of energy 
. which includes the resource for producing 
electrical ' energy throxigh the energy change 
to reaching the house by wires. 

i^ne-five class periods (if all activities are 
^liled). ' ^ 



I||at§^rials 



Background 
Information 
(Teacher Use Only) 



Camera 

Buckets (plastic, scrub buckets) 
Coffee can^ , ''^ ' 

Tin snips \ . 

Dowels (1/2 in. x 3, in., br>use'a straightened 

coat hanger) ) 
Awl or other shctrp, -^ool * 
Hamrtier 

Can of Sterno (or another suitafc^le flame source) 

Wire screening, 4" x 4" (trivet will do) 

Five Student Activity Sheets ■ . ^ 

Map of Fuel Resources - ^ 

Crossword Puzzle^ ' f 

Blue Crayons 

The* generation of eli^ctricity begins with a natural 
energy such as water, coal, oil> gas, or nuclear 
energy, as shown in the Student Activities. 

Hydroelectric (water) power is provided by the 
motion of falling water. When the ^water trapped 
behind a dam is released it can be" made ta fle^i^ 
through turbines. As the turbines turn they ac- 
tivate generators which produce electricity by 
moving wp-res through a magnetic field. 



Turbines can be turned by.fojcoc'! stear^\ fteam is 
produced v/hen water is hoatiul. J^ic water is heated 
by burning one qf the fossil f\io*l: coal; oil, * 
natural gas] or by ca»usfno ocr' i oiled nuclear 
reaction which relea^s <;,real .mounts of heat energy 



A.* 



Teaching 
Strategies 



•Further infor.atior can be foiind in the Energy 
Environment Sour ce Book by John M. Fowler 
(Washington, D.C.: -NSTA) 197b. 



irtroc^uce this lesson would 
to"^^' a 1 \ orcjelecti ic pov:er > 
Le possible for ir»ary 
luake a 



\'he very best way to 
be to take the class 
plant, ' However -th.-i s vill rot 
classrooms • A film about watpr power v/ould 



good second 
libraries. 



choice. 



^ole in rr.oLst schoql 



Ask students: "How does' electricity get into the 
wires that rrino it to your house? V7hexe is elec- 
tricity made?" ^ , . 



Developing the 
' . Lesson 



Distribute Ac c • \': t y ] landout. Haye. a student 
read the paracraphs aloud .and then have the class 
discuss the i nf orma::!^ >:\ ^ 



Student 
Activity 1 
Go outside! 



Take the students out on the school r^raunds to see 
how a turbine vrheel turns. Prepare ahead of tine 
<4^^2- 5 buckets of water and a rx)del turbine wheel. 
The wheel can be constructed fror a Fetal roff^e 
r-Pn ^^c\. Punch a hole in the niddle of the lid 
with an awl and hamner. Cut the lid with tin snips. 
Use a wooden dowel rod or sti ai -jhtened cocjt hanger' 
for t'he axle • See, pict^al^ he]ow. Have student^ 
pour water over the wReel, Flave students answer 
the f ollov/ii^ic ; 

Does the wheel ^urn faster if you pour the 
faster? 

Does the wheel t-ut r.! '" i*.. ter if there is mor,e 
water pound? t-rat happens when there 
is only a tric^j. rf water poured? 

How does this denor s t^i a t i on lielp us understand 
the picture we ius^ Iv'^okod at? Can anyone 
' f explain the drawi no 




^er 



IiC^V/? 



Cut on solid lines. * 
Fold on dotted iines. 
Place axle through 
hole in mij*d]e. 




Activity 2 
Try it! 



Have students retur-n^ to t*he classroom and read and 
discuss Activity 2 handout/ (Yqu may wigh toi^demon- 
strate the force 6f steam. . The^' following activity 
nay nake. the 'drying Iqss abstract.) • 

Place ,a large tin can with both ends removed over a 
can of-St^no.-* Set a piece of v;ire screening or 
non-'f iahimaole substitute over the top end of the 
can. Then place' a 6mall aluminum can, such as tlie 
kind r^andv/ich spreads come in, on the wire screen. 
Fill the can half full of water. and place, a piece 
of cardboaid on top of the can. 

Light the Sterno and wait till the water boils. 
(While they are waiting, students might like to * 
] pi edi ct what they think v/ill Happen. Look .for pre- 
dictiqns that .state the steam will m.ove the card«- 
board. If no studcrts suggest this, tell them to 
watch closely "and to look for movement.) when the 
cardboarci begins to move, ask: "What caused the 
cardboard to mgve? How is this l^ke the turbine 
wheel moving?" 

Distribute Activity 3 handout. Have students 
r^^ad it. Invite the class to discuss the infor-r- 
mation on the sheet; Explain that human beings 
are only beginning to be able to split atoms^ and * 
use 'the resultmg energy. On the sun and other 
stars this process is continually prodjacing the 
light and heat given off from them, 

A3k: "Where on earth, and in particular, the 
9 United States, can we find stored energy?" 

(Student answers will^i^s^ry widely^ Help them dis- 
cover that energy is stored in the ground iri the 
forms of coal, oil, uranium and natural gas. It 
is also stored in the fallinjg water of'^-rivers,) 

Activity 4 . Distribute Activity 4 handout and have students 
complete the worksheet, working irv small groups. 
Later each group can present their findings* tp * - 
the v/hole class- 



Activity 3 
Map it! 



Concluding the 
<^ Lesson 

Activity 5 
Re^diV^ a Graph 



Distribute Activity 5 handout. Anticipate some 
"student difficulty in iiiterpreting the graph. 
Pre-teach|ng 'may be necessary. Have students make 
a trial graph using the numbers of boys and girls - 
in the class. For example, ^if there are 30 ^tudents, 
30 = 100%. Fourteen boys would* eqjual 43% of' the 
total class ^membership. Twenty girls, 67%. 
Draw ^ circle .on the board. ^ Divide the circle 
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in half. .Show students that, each half is equal 
to^50%. Have the class estimate where the boys', 
side should be divided to. show 43%^ Shade that 
part in. Ask if .the remaining portion is greater 
than "50%. Ask: :"Is xr"close-t-o 6T%-r' Write 
Boys in the shaded portion; Girls in the unshaded 
portion. 

Ditect the students' attention to the circle graph 
on the 'handout. Help students complete, the ques- 
tions. Sum up by telling students that the fuels ^ 
on the graph ar.e the major sources we us,e to gro-* 
duce the electricity we use. ^ 



^Activity 6 
Evaluating the 
Lesson 




Distribute , the. puzzle. Have students fill in the^ 
answers. Use the puzzle as an informal evaluation. 
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Lesson . 3 



Student 
Activity 1 



Electricity from Falling Water 

4 

n 







• BBffl 




. yiBcTRicirri 

[/ will hll you the story 
' ' of Sow Electric 3wer^ 
/s pT^o due ecf fro/77 



EMC. 



Hydroelectric power i^i provided by the 
motion of falling water. When water 
which has been trapped in a lake behind 
a dam is released as needed, iy can be 
made to flow through the tufEines which 
activate generators that make electricity 



'6Z 



student 
Activity 2 



Electric Power from Fossil Fuels 




Fossil fuels (oil, gas,^coal) produce : 
electrical power by burning in a fUrnaqe 
to heat boilers that make steaih* The 
steam turns a wheel called .a turbilie* . 
The turbine drives a genetatol: . thai:- makes, 
electricity. * ^ 



i 



'Student Electricity from^ranium 
Activity 3 '* . ^ * 



fi / r I— i: 




Remoter 



Hot water 



Steami 



fflnffl 



High 
pressure 

Turbine, 




Generator 
Low pressure 




" i/c power 
from 




Uranium is used in. a nuc]ear reactor to 
produce electrical pov/er. Tbe* uranium 
is split and gives off heat which makes 
stearr froF^ the 'water. The steam turns a' 
turbincj^ which -drives a generator. ThS 
generator makes electrici|:y . 
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SOllRCES OF FUEL USED ^0 PRODUCE ELECTRICITY 
120 ' ' 110 ' 100 ' 9 0 



Student Activity 4 
70 




I E RICKEY: 

I ^ nil nnd aas fields 



<t> uranium r6 



student 
Aqtivity 4> 



Map Study Questions * \ 

Study tile map; Sources of Fuel Us.ed to Produce 
Electricity. Answer these sentences Yes or No, 



Part A 



1. Is coal found in -the East? (Yes.) 

2. Are there oil fields in the, West? j(yes.) 

3. Are uranium iresources^f Qund in the ^South- 
west? (Yesr^ 

4. Is oil found nea-K:'^he Great Lak^s? "(No,)^ 

5. Do all of the states have gas and oil fields 

6. Can a coal miner^find a jpb'-'in V7est Virginia 
J. Are there uraniilin resources in New York? (n 

8. Does the Southwest have many oil and gas' 
fields?' (Yes.) 

9. Can uranium miners find work in California? 

10. , Are coal and oil found in Montana? (Yes.) 

11. Where would you expect to- find water sources 
^ for hydroelectric plants? Mark them in blue 

on the ^ map. ^ ^' 




(No.) 



* Part. B 



Find your statis on the mSip. Answer this question: 
Are there any fuel'^deposits in your ^tate? 
Name it or -them. 



FRIC 
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-♦.•*^-'ik r**« -^■ryt V*-'' r**^. 



student 
Activity 5 
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Look at the, circle graph. Then answer these ques 
tions. 

!• What does the graph show? (?uels used to 

produce electricity . ) 
Z. ' How many kinds of fuel are^ on the -graph? 

(Five.) 

3. Which fuel is used the most? ^ (Coal.) 

4. Which fuel is used the least? (Nuclear.) 

5. 'Write the name of the fuel or the amount used 

in the chart. - 

(Water Natural ' 
(Nuclear) Oil . Power) • Gas Coal 



4% 



• (17%) 



15% 



(19%) (45%) 



6. What, is the- total amount of fuel used? 

Add the percentages. (15 -h 19 -h 17 -h^ 4 5 -h 4 




.^:Student 
c.tOiVity 6 
(Teacher 



Crossword Puzzle Using Vocabulary Words from 
Lesson 3 



• 2o 
Ip I 

0 A L 



Words to choose from: 



S 

"^G A. S 



■ 8 



NUCLEAR 

, F 
U ^ 



R 

, A 
E -^S N 
• ^ELECTRICI 
S E U 

A M 
M 



Down 



5^ 



Across 



1. 
2. 
3. 

r. 

7. 
8. 
9. 
10. 



10 



T U R B I N 



Y 
D 
R 
0 
E 
L 
E 
C 
T 
R 
I 
C 



■ 1. 


Coal 


2. 


•Electricity 


3. 


Fossil Fuels 


4. 


Gas 


5. 


Uranium 


6. 


Hydroelectric 


7. 


Nuclear 


8. 


Oil 


9. 


Steam 


10. 


Turbine 



^ Coal , oil and natural gas are 

The fossil fuel we us^e the most. 

Boiling water makes . 

The material used in nuclear ' reactors is 



The production of electricity by running 
water . 

•A black, solid fossil^ fuel* 
*Air~like fuel. 
Another name for atomic . 
Used by people for heat and light. 
A wheel that is made to turn a generator by 
water or steajf. 
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'Lesson 4: HERE'.S ENERGY CHANGING 



Overview 



Obj actives 



Time Allotment 
, Materials 



f ► Background 
Information 
(Teacher Use Only) 



In this lesson students are encouraged to demon- 
strate the conversion of electrical energy into 
"heat , light , and motion energy . 

Students should be able to: 

1. Describe one method of changing electrical 
energy into another kind of energy — to 

'heat, light or to move something • 

2. Ideaitify the ma-j or 'steps in energy* conver- 
sion; for example, from coal to electric 
light • 

3. ^ Put together a basic generator and test it 

Thr^e-four class periods. 

Student Activity 1 Handout 
Insulated wire, 6 to 8 ^eet 
Compass' 

Bar magnet ^ 
Iron bar 

Dry cells, size D ' ' 

Nichrome wire, 6 to 10 inches 

Copper wire, insulated, 3 feet 

2 dry cell batteries, 6 volt, put in series 

Bell or buzzer , . " 

Light bulbs, flashlight size 

Energy conversion is the change of ener'gy from one 
kind to another. For example, in a boiler furnace 
the energy released from the burning coal is in 
the form of heat. Heat is used to change water 
into steam. The steam is- then forced to turn a. 
wheel in a turbine which activates a generator 
to make electricity. This is a conversion from 
heat energy to' mechanical energy (turning the 
wheelf^to electrical energy. 'This is a simplified 
version of an energy chain. 
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generator produces electrical energy from the 
energy of motion, A magnet moved through, a coil 
of insulated wire will produce a*n electric current. 
The lines of force^in the magnetic fieldfare cut 
(interrupted), A generator is a machine which cuts 
the lines of foifce very quickly and produces an 
electric current . 



Electrical ener^gy can be used to produce heat ener- 
gy, light energy,' and the energy of motion,, In 
an appliance swch as a toaster, iron, coffee pot, 
there is a conjjuctor. The conductor may be a coil 
of' wire or -a solid^rod. The conductor will offer 
resistance to the flow of electricity that goes 
through the appliance when you turn it on. Heat 
is produced from this resistance. 

Where electricity is used to produce light, th^-^_ 
conductor gets hot enough to give off light. ■ 
Conductors may be long, thin wires as in light > 
bulbs or gases as m neon lights . 

The production of motion from electricity may 
be seen as the reverse of the process ^of a gen-^ 
erator. Parts of a motor may be two electro- 
magnets. One IS fixed; the other is in the arm- 
ature and it i;otat:es inside the field magnet. 
If current is furnished to these magnets, they 
then have north and south poles. The opposite 
poles will attract each other. The armature moves 
free and the opposite po3.es ot the two magnets 
attract. The motor doesn^t stop here because the 
current in the armature is then reversed which, 
reverses the poles. This mea?r5>sj^ke poles will 
repel each other.* Theae two events of attracting 
and repelling keep' the motor turning. (See dia- 
gram below. ) / N V 

Armature 





. .Teaching 
ST::?;ategies 



Developing the 
Lesson 
I 




Extending the 
' Lesson 



Distribute duplicated class sets of Student Ac- 
tivity 1. Have studentsv read the paragraph about 
the production of electrrcity. Then label" 'each ' 
part of the diagram and cut .each out, ' Pl,ace 
the pictures in the proper order, ^ 
(Boiler turbine . generator ) 

Turn the cla-ss attention to Activity 2, Tell, the 
class that they will make a^generator and des- 
cribe how i't works • (Discuss each question upon 
the completion of the acti^vity.) 

"How can electrical energy be converted to other 
energy f orms^-rheat , light, and it|btion?" Di'Stri- 
bute the materials for .Activities '3, A, and 5, 
following the directions printed on each paper. 
At the end of each activity, sum up the learning 
in a short discussion session. 

Have the class make a list of the appliances in • 
their homes that convert electrical , energy to heat, 
light, and motion energy. Make a large chart ^or 
the ^^assroom. Have students '^ind pictures of the 
ap^pliances to place under each' category to make a 
more eye-catching display. 



ELECTRICAL ENERGY CH^jaGEI) TO: 



HEAT 



LIGHT 



MOTION 



Stove 

Iron 

Toaster- 



Lamps - all. 

varieties 
Flashlight 



Doorbell 
' Mixer 
Typewriter 



etc . 



V 
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The Flow of Energy from Coal to Electricity 

' ^ 

One way of producing electricity is to burn coal 
in a boiler furnace^ The heat of the burning coal 
^creates steam in the boiler • The steam turns the 
turbine and -causes it to spin the moving part o£ 
the electrical .generator The generator changes 
this energy of motion into electrical, energy. 

Label each part. Then cut each part out and paste _ 
in the correct order in^ your notebook. 




Lesson 4 



Student 
Activity 1 



Student 
Activity 2 



Materials': 
^ 1. Coil of wire (50 loops) 

2. Compass. 

3. On^ bar magnet 

4. Paper tube or piece of j|ron 

Procedure : 

Arrange the materials as shown, making sure that 
the coil of wire is parallel to the needle of^ the - 
compass • (See place marked AJ Move the magnet 
back and forth through the coil of wire. Observe 
the compass needle • You have made a model of a 
generator. t ' , > 

Question^: , , ^ 

1. What happens to the compass needle when the 
magnet is moved in and out of the coil? 

(Compass^ needle moves'.) 

2. What happens to the compiass needle when you 

• don't move the' magnet in and .out of the coil? . 
. (Compass needle doesn't move. It points north,) 

3. Point to these parts ih the picture: 



magnet 



wire 



compass 



compass needl 



(Check student r^^pons^s informally . ) • ' 
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student 
Activity 3 



\ 



Electrical Energy to Heat Energy 

Materials: 

1. Dry cell/^,si2e D 
2^ Length of insulated wire 
\3* Nichrome wire 



■."'''"I'lB 




re 

Divide the cl^ss' into small groups. ^^Distribut^/; --:^;-''-' 




the. lihterials. Name each material 4S 
distributed. Have studertts connect the ^ , ^, -^.^^ 
wire to bared ends of „the insulated- wire> ; attaphie^«^|| 
to theory cell. "How does -this make a 'ci'rcuxl?|v':U'|% 
What hlfpens? Why did the wire .become hot? 
the dry cell contains -electrical - — - 

this electrical energy get c" 
energy . ) 



trical energy, '\ihat^":^±6}-2:<i'i 
changed- ipto?" (Jieat:-^:^: 



Special 'Note ; Perhaps you should warn stuctents 
not to touch the nichrome wire too ^long. It^ 
becomes hot! * ^ \ 



Dry Cell 




Ipsulated Wire 



NICHROME WIRE 



Insulated Wire 



km 
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£tivity 4 



Electrical Energy to Light Energy 

Materials: 

1, Dry cell, sizer D 

2. Flashlight bulbs ^ 

3* Insulated copper wir^ 

Procedure : " ' ' 



Divide the class in,to small groups. Rdfer them 
to the circuits they constructed in Lessbn 2, 
Distribute lengths of wire, a bulb, a dry c^ll 
battery to each group. ^ Have students connect 
these materials in such a way as to light the bulb 
See diagram below. \ 

This experiment should demonstrate electrical 
energy changing into light energyT'^'^he electri-^ 
ca'l energy is s|:ored in the dry -cell's chemicals. 
Light energy is represented by th^i^ghting of the 
flashlight bulb. 

Special Note ; You may wish to challenge the stu- 
dents by offering a special^ ribbon to the groups 
with the speediest times in lighting and keepin'g 
the^i^ bulbs lit. 



Copper Wire 



Dry Cell 




+ 




4D 
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student 
Activity 5 



Electrical Energy to Cinergy of Motion 

Materials: 

1. Two dry cells, 6 volt's each 

2. Insulated copper wire 

3. 3ell or buzzer (borrow^ from high .school 



Procedure : 



Have one 



Divide students into small groups, 
group do the activity at a 'time ^ You will then 
need less materials. Distribute' these to the first 
group. Name the materials as you do sov. Sugge'st 
that -the students connect the bell to t;h^ihsu- — — 
lated wire and to the dry cells as shown. \ 

"What happened?" (The bell rang.) "What did you 
change electrical energy into?" ^Changed into 
sound energy, Khicb jt^s a form, of motion.) 
Discuss /why sound is a form of tnotion. (Sound 
"is carried bu 'the motion pf molecules,) _ 




Dry Cells 



Bell 




L. 



'oil 



1 



Overview 



Objectives 



Time Allotment 
Materials 



, Background 
Information 
(Teacher Use Only) 



Lesson 5: IT'S ENERGY YOU PAY FOR 



This lesson is designed to give your studehts 
experiences that show them the role of the con- 
sumer in the energy network. They will examine 
some of the relationship between the use of elec- 
tric appliances and an electric bill. The impor- 
tance of conserving electrical energy will be 
stressed in the lesson. 



Students should be able to: 

1. Read an electric met^r. 

Identify home and school appliances that 
affect the electric bill the most— and ' 
the least • - 

Make suggestions for saving electrical en- 
ergy in the home and school. — 



'2. 



3. 



Three-five class periods. 

Read-A-Meter Handout (Activity 1) - ° , 

Home Inventory Checklist cff Electf-ical Appliances 

Save-A-Watt Tips 

Old magazines ^ ^ 

Large sheets of mural paper 

Crayons or paints 



gy^ 

or 



We are some of the consumers of electrical ener 
Our use of electri'city is part of the reason f 
the entire network. We need to examine our part 
in the network to see if we "play" wisely. 

Learning to read electric meters can help in 
identifying ways to save energy. A (watt is a 
measure of electric power. It jneasutes the rate 
at which electricity is used. We buy electricity 
by the kilowatt hour. The KWH tells us how much 
work is being done by electrical energy. 
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The four dials on the electric meter record kilo- 
watt hours by units of 10,000, 1,000, 100 and 10- 
If t?he pointer is between two numbers, read the 
lower number unless the pointer is between 0 and ! 
Then read it as 9 because in this case 0 stands 
for 10. 



To firid how. much electrical energy has been used 
in one month, take two meter readings one month 
^ , apart. The difference (found by subtracting) will 
'give the number of kilowatts used. 
'* ». - * — 

Example 8268 Reading May 1 

* ^ - 7628 Reading April 1 * 

* ^ 640 kilowatts at .04* each. ' 

640 X .04 = $25.60 

To approximate h^w much electrical energy is used 
^ to heat or cool your home, re'Bd the meter in the 

, evening and again in the morning. These readings 

should be* taken before and after all appliances 
are in u^e. For example, take a reading at 10 pm 
and eight hours later, take a 6 am reading. Sub.~ 
tract the evening reading from the morning one. 
The fi^fSl figure will give you the appf^ximate ^ 
rjumber of kilowatt hours used ^in an eight-hour* 
period. To get the approximate kilowatt hours 
. for a 24-hour period, multiply the abov.e answer 
by three. 

Teaching Ask: "How does the Electric Company kHow how 
Strategies much to charge your famiiy for electricity each 
month? How often does the meter reader come to 
.your house? Have you ever seen him/her? 'Can 
you read a meter?" » , 

Developing the ^Tell the students that their electric meters should 
Lesson- look like the ho'use meter itself. , Distr<a.bute 

Activity Sheet 1. Help students under stahd^that 
Activity 1 the kilowatt is the measure of the amount of elec- 
tricity used. Assist students In answering the 
questions on meter reading. 

^ Tell, the students that when the pointer is between 
two nutnbers, they should write down the smaller 
number. (Be sure they •read 0 as- meaning 10.) 
Allow ample' time for students to answer questions 
- ^l.and 2. ^ 

Answers: 1*. 7 628' 

2. 640 KW $24.60 



» 



Activity 2 



Activity 3 



Activity 4 



Extending the 
Learning 



Special Note ; You n^y wish to do more meter read- 
ings with the studejit^ if so, have students 
answer questions 3 and 4^ 

Have students do this activity for- hoir.ev^or]< . 
It will help prepare them to tliink about ways 
to save energy .-^ 

% ^ / 

Have students complete €hxs activity in class. 
Suggest that a "Save Electricity*' poster contest 
might be fun. , Students can do individual designs 
or cooperate with some of their classmates in 
making a large poster for a hallway bulletin board. 

Ask students to bring magazines and newspapers 
to class. Divide the class into small working 
groups and have them classify pictures under o/ie 
of the topics. Encourage students to find other 
pictures for the appropriate headings, if they' 
choose to do so . - ^ 



Make an Energy Network Mural using large sheets 
of roll paper, paints and crayons. * Have them use 
their own ideas on some or all^of the^ following: 

Sources of Energy 
How Energy is Used 

-Conversion of -Energy / 
. ' Power Plants 

Transporting Electri9al Energy iA the City 

Howi We Use Energy in Our Homes and in Our Schaol 

Pollution (Effects on the Environment) 



\ 
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Lesson 5 

Student Read-A-Meter Exercise Sheet 
Activity 1 ' , . , • 








100 


10 
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LEARNING TO READ 'METERS CAN HELP YOU LEARN TO SAVE 

ENERGY . . - ' 

^ 

The four dials on your meter record kilowatt hours. 
•Steps to follow: 

1. Write down the nuihber the pointer is 
pointing to. Your answer for readingrthe 
meter above is • 

2. To find how much electrical energy you 'ye 
used in one month you must take twor read- 
ings one month apart • Then you subtract. 



Example ; 



November 1 reading: 8268 
October 1 reading: - 7628 

, 'Difference: kilowatts 

used. 



One- kilowatt costs Multiply your ans- 

wer 5^ to find the cost. 



1 



What wourta you do to find out the amount 
of electrical energy used in a day? 

i 

To find out aboi^kt how much is used' to \ 
heat or cool your home in a 24 hour per-\ 
iod, read the meter at bedtime and ag^ain \ 
in the morning before other appliances^ 
are turned on. \ 



Example: '6^ am reading 

10 pm readirf^ 

"Wattage used in 8 hour's: 



Subt 



Find the meter in the school.. Compare , 
school and home meter readings^ S^ubtract. 
Which uses more energy? Can you think of 
some reasons why? List them.^ 



student 
Activity 2 



Checklist ' for an Inventory of Home Electrical 

Appliances * 



Directions: 

1, Take this check^st hpme and put a checkmark 
by^each appliance you find there, 

2. ^ Which appliances use the most energy in your 

home? Circle them* 



Est, kw-hr(^) 
Consumed Annually 



FQOD PREPARATION 

Blender . ^ 15 
Broiler ^ ' ' , . loo 

Carving Knife 8 

Coffee Maker - , i06 

Deep Fryer 83 

Dishwasher *. 353 

Egg Cooker ^ . * 1^ 

Frying Pan * • > I86 

Hot Plate ' ' . • 90 

Mixer , I3 

Oven, Microwave (only) 190 • 
Range 

with Oven ^ 1,175 

with Self^cleaning Oven 1,205 

Roaster ■ ' 205 

Sandwich Grill ' 33 

Toaster • ' * 39 

Trash Compactor ' 50 

Waffle Iron ' 22 

Waste Disposer - . . 30 

FOOD PRESERVATION 

Freezer * > • • ' 1^ 195 
, frostless ' . - ^ 1,761 

Refrigerator . 728- 

frostless 1,217 

Refrigerator/Freezer 1,137 

frostless . ' ' ^ 1,829 . 

LAUNDRY . , ^ 

Clothes Dryer ^ , ^ 993 

Iron (hand) * .144"* 

Washing Machine (automatic) ' io3 

Washing Machine (non-automatic) 76 
Water Heater" • 4,219 

Quick Recovery K*-^ 4,811 



V 



Est. kw--hr(^) 
Consumed Annually 



'COMFORT CONDITIONING 

Air Cleaner ^ 216 

Air Conditioner (room) 860 

Bed Covering • > "'"^^ 

Dehumidifier ^ ' " ^77 

Fan (attic) ' 291 



Fan (circulating) 

Fan (rollaway) . . 138 

>Fan j (window)"^ 

H&aWr • (portable) 1"^^ 
Heating Pad 10 
Humidifier 

Heater (portable) . 170 

Heating Pad " 10 

HEALTH & BEAUTY 

Hair Dryer 1^ 
Heat Lamp (infrared) 13 



Shaver 



HOME ENTERTAINMENT 
Radio 



(a.) kv7-hr = kilowatt-hour 



1 



Sun Lamp 1^ 
Tooth Brush ^ 
Vibrator ' 2 
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Radio/Record Player ^ 109 

Television 

Black-&-VJhite ^ 

Tube Type ' ' 350 

Solid State . 120 
• Color ' ^ 

Tube Type y .660 

Solid State ^ ^ ' 440 

'xJ 

HOUSEWARES 

Clock ' ' . 17 

Floor Polisher ' ^ 15 

Sewing Machine » , ' 11 

Vacuum Cleaner 46 



The checklist is /from the Energy-Environment Source 
Book, by John Fowler, published by National Science 
Teachets Association, 1975. 



bo 



/ 



student 
Activity 3 



Tips* for How to Save-A-Watt 

Here are some energy-saving tips. ^ Can you think 
of some other ways to save energy in the^ fol~ • 
lowing categories? 

A. Plug-ins/other ) 

1'. Turn off lights when not in use. 

2. Be sure office machines, appliances, 

• radios and T.V.'s are turned off when 
not in use. 

3 . Sma 11 appl ian'pes often do jobs mor-e 

easily and cheaper than an ^electric 
range. 

* 4. Operate the clothes dryer with a 
full load, fut don't overload it. 



B. Water Heating ^ 

1. Wash dishes by hand or use the dish- 
washer when it is full. 

2. Operate your washing machine with a 
full load. Remember many fabrics 
wash better in cold water. 

3. Save water too. Showers use much 
less water tha'n .baths^, ^ Don* t let 
water run needlessly , es pec ia 11 y 
while brushing teeth . 

4. Check and repair all leaky faucets . 

C. Heating/Cooling 

1. Lower the thermostat at night* and 
when leaving on a trip. 

2. The outside door lets hot air in in the 
summer and cold air in in the winter. 
Be sure it closes tightly after you 

use it . . 

3. Insulate your attic to use less energy 
for heating in the winter . 

4. Wear a sweater in the house in the 
winter and set your thermostat a 

>- little lower . 



Note : Accept all reasonable ^ Tips" from your 
students ! 



■bV 
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student 
Activity 4 



Save 



Idea^ for a Scrapbook or Display 
(small myrals; collage, etc.) 



Stiudents can collect pictures of appliances 
which ^^105^ electricity. These pictures can be 
cl^s^fied any number of ways: 



b, 

c . 
d. 



Those 
which 
Those 
in an 



which use more energy* vs, those 
use less. \, 
which we can turn down or t\^n off 



effort to conserve energy 
Battery-operated vs. plug-ins 
Those which are most necessary vs 



those 



which 
ances 



arq "convenience" or "luxury" appli 



.Lesson 6: 



KOW QUR NEED FOR COAL EFFECTS 
THE ENVIRONMENT 



Overview 



Objectives 



Time Allotment. 

V 

Materials 



V * ]^ackground 
Ihforn.ation 
(Teacher Use Only) 



This lesson deals wi.th some of the problems - 
created when humans make ^cha-nges in the environ- 
ment. In this lesso/i the students study the 
changes made by the minting and burning of coal 
to produce electricity. 

Students should be able to: 

1. * Jdentify some of the environmental changes 
caused by the mining and burning of coal, 
^ 2. Suggest alternatives to present-day prac- 
tices in coal production which would 



lessen the damages to our air, soil, water 



Two-three class periods. 

Classroom set of court trial script 
Pictures showing positive and negative srdes 

of coal mining 
Costumes (optional) 

toal' is abundant in the United States. About 
half of our electricity is generated frbn. this 
erergy source. The environmental problems 
created from the mining and burning of co'al 
should not be overlooked. ^ \ 



Coal is mined ' in various ways. StriJ mining and 
underground mining, are just two v/a^^ Strip 
mining has the most obvious devastating environ- 
mental effect. Coal mining can be hazardous to 
^the miners. For example, b]ac}< lung' disease has 
been costly to the miners in both misery and 
money. Mine accidents pose another threat to 
the miners. 

* ♦ 

There are other problems associated with gener- 
ating electrical energy. Burning coal releases 
h<irmful pollutants which affect the land, water, 
and air. For example, sulfur creates acid water. 
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Sulfur is also discharged into the air forming 
smog which is dangerous to ""animals (including 
humans) anfl crops. Carbon dioxide given off 
into the atmosphere has created climatic prob- 
lems. Hot water f^op the power plants is^ dumped 
into rivers. This dumping affects the aquatic 
life. Another problem to be addressed is that 
of the higb power lines and towers used in 
transporting the electricity. Millions of acres 
of land' are "used for the purpose of putting these 
lines up. Thg^y are unattractive and potentially 
dangerouf^ . ■ * 

Congress hab passec lecislation which regulates 
the activities of the utility companies relative 
to the environi^ent . The Clean Air Act cstab- 
'lishes guidelines to bring about more control 
of utility emissions.. The Water Quality Act 
sets tl^e standards for water quality . 

Electrical energ/ is needed. Our* society func- 
tions at* its present ^ level only with the vital 
assistance of electrical energy. As other sources 
of energy are employed to generate e.lectricity , 
'it is found that t?&Y too create environmental 
problems. The qi^estion becomes: How can we 
reduce the amount of environmental damage with- 
out making 'electrical energy too expensive? 

Fro^i Energy-EnvirojfeientX gource Rook ; John M.- Fowle 
(Washington; D.C*:^ NSTA) 1975. pp. 13-15. 

Ask: ^ "How many of you have been inside a court- 
room >or have watched" a trial on television?" 
"WTiy do Pfople have trials?" 
"Is a trial a fair way to decide som,e thing? 
WTiy or why not?" 

' ' \ 

Allow enough time for the ^ class to decide why 
trials are important and to share what they know 
about ccurtroon procedure. Then suggest that 
the class could have a trial; but instead of 
trying a criminal they could try coal. The 
case would decide whether or not coal should con- 
tinue to be used to produce electricity. Pric^ 
to assigning students to roles ; be sure to list 
'and explain them.. 

Have students claim the roles they would like to 
take iri the simulation; or /assign them to roles. 
The trial will need: 



Judge (IX 
Latoyers (4) 



Two Environmentalist lawyers ^ 
a Coal Copipany lawyer, and a 
Utility Company lawyer. 
You may prefer to have less 
than twelve, since civil cases 
do not require the full 
twelve; or you may prefer 
to use a large portipn- of the 
class. 

(Optional") If witnesses are ^ 
used, have' these- students 
V7rite their own parts. 
Two newspaper; two T*V. 
Remaining class members, or 
another interested class may 
be invited to €he classroom 
t,o watch the proceedings. 
Played by the teacher. 
Duties are to keep a record 
of key points made by both 
sides. 



tJurors (12) ' 



Witnesses 



Reporters (4) 
Spectators 



Court Reporter 



Point out that in real trials the jury does not 
hear evidence ahead of time. They must make 
their decision when the case is presented for 
the first time. Tell the class members who are 
jurors that they are now excused until both the 
prosecution and the defense have prepared t}\eij' 
Cc.ses. Have the jurors do Activity 2 in the 
meantime., * ^ , , <^ 

Give each lawyer a copy of t^e ciase to be tried 
and the pictiares each will introduce as evidence. 
The other participants may, be assigned small 
research topics v/bile the lawyers put their cases 
together . 

'Students should examine* such topics as: 

Black Lung Disease ' Different Kinds of Coal 

Coal Mining Methods How Goal Pollutes 

Ho.w Coal is Used 

How Coal Helps to Make Electricity 

Where Coal is Located in the. United States 

Set up the classroom furniture to imitate a 
typical courtroom. You will need a desk for the 
judge, the court reporter, and one each for the* 
four lawyers. Twelve desks could be placed in an 
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arrangement that would suggest a jury box. 
The rest of the chairs should be set 'aside for 
the spectators. , Put the classroom flag near the* 
judge's desk. The judge should wear a robe, if 
possible; and have a gavel. 

After the Verdict DisGO^ss the Jaarnings that grew out of the 

courtiroon . Use questions such as the following: 

1. Which* side — prosecution or def ense--inade 
the best presentation? How did the use of 
facts help? ' i^*. ^ 

2. Can you think of any evidence that was not 
used (by either side) that should have been 
presented? 

3. Why was it hard to decide right or wrong in 
this case?^ 

^4. Do you think there should" be a re-trial, 
this time with more facts in mind? 

Extending the Conduct a field trip to one or more of the # 
Lesscm following: power plant, strip mine, deep mine, 
transmission substation . 

Have 'students prepare and present reports to 
the class on alternative sources of elecfi^icity . 

♦ 

Have an electric company representative come to 
class and^ discuss : 

a^ Hov; their local generating station 

operates . * ^ , ^ " 

b. How' an electrical transmission system 
works . 

c. How they try to solve their; environmen- 
tal problems". 
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Lesson 6 



POWER SUPPLY VS. THE PEOPLE AND THE LAND 



Judge 
Lawyers 



.Witnesses 



Reporters 



Serious-minded person, wears a dark robe and 
carries a gavel . Very fair . , " 

Four courtroom lawyers wear coats and ties 
(or dressy pants or dress) , carry briefcases 
v/ith evidence in them. They have name tags 
such as Kr . Lopez, Esq. 

We have several coughing witnesses with dirty 
smudges on their faces. They wear 'Caps with 
1 ights • on them.. 

i ' . , 

« 

They always ask a_lot of questions and write 
things down- in notebooks. Some use portable 
tape recorders. They wear name tags 'with things 
like KW:<y-TV NEWS or Super City Herald on them. 
They write artiq^les for the Class Newspaper. 
^6m^.x)nly write important headlines on the chalk- 
board. 



Court Reporter 



Judge 



Proceedings 

(Banging a gavel) AllVri^e for the entrance of 

the judge. This is the case of (suggested 

name: ' Save-Our-Land Citizens vs. the Many-County 
Coal Company) . 

You may be seated. 

Coal is a dependable source for making electricity, 
but we use coal at great, risk to our environment 
"and health. Let's look at the.^nvironmentalists ' 
side of i:he story and then we shall listen to the 
coal mining and utility companiies^ Lawyers *for 
the environmentalists, would you stand and state' 
your case? 



ERIC 



Lawyer 1, 
Envi ronmen ta list 



Lawye] 
Environn-ental j St 



IT 2,K 



Getting coal Eror/^he ground hurt^ the environ- 
ipent. Etrvip mining damages large areas of land. 
A huge machine removes the soil to get the coal. 
This kind cfXining causes erosion of the^land. 
Often there are lant^slides and falling rocks. " , 

I would liXe to introduce Exhibit A, '(Hold up • 
picture of st^rip mining.)* Underground mining, is 
dam.aging^also . Water sestps intcu, the abandoned 
mines. The water n^ixes with sulfur — that's some- 
thing that smells like rotten eggs — which 'makes 
the water unfit to use. .YeechI ' . 

Ladies and Gentlemen of the jury, coA mining is 
also dangerous to the miner ' s 'health. Black. lung 
disease has cost the miners "the loss of their 
money and their/lives. Many miners get hurt in 
mine accidents , too . ^ * . - 

You just heard about mining the^coal. Making 
electricity with coal is another problem. Burn- 
ing coal in the power plant giv^s off hot gases 
and sulfur which form, smog, \ 

\ 

Carbon dioxide, another substance, is given off 
and changes the climate. Hot water, when it is 
dumped into nearby rivers and lakes; changes the 
environment of the plants and animarls that live 
there. 

I wpuld like to introduce E><hibit B. (Hold up 
and describe picture of smoke stacks.) Even after' 
the electricity is «nade there are environmental 

Joblems. Ladies and Gentlemen of the jury, you 
ve seen utility poles carrying high tension lines, 
fu know how ug^y ±hey are! These utility poles 
and m.iles of cables need a lot of land. When these 
high tension lines interfere with your favorite 
television prograny^ then, "members of the jury, 
. something must be 5one! Ladies an^ Gentlemen, 
• (looking meapingfuliy at the jury) I rest my case. 

Judge Members of the jur^, you have heard the case for 
the environmentalisti^. Since this^s a s^pecial 
case, I will now open the CQurt to questions from 
i ' the jury. ' Are there any questions? " (Answer 

questions.) Could we hear a summary of * the envir- 
> onmentalists ' case please? 

Court .Reporter (Read notes on the environmentalists' presentation.) 



Judge 



Lawyer 3 
Coal Company 



Judge 



Now we will hear the case for the coal mining 
and utility companies First we will hear fro/ 
the MaT\y~County Coal Company. Lawyer, would you ^ 
state your case? 

Ladies and Gentlemen of the jury, I an here to show 
%DU and the people that coal mining is different 
today . 



il^*S!s^£ 



Vie need coal. Coal isNised to make electricity 
for y<ur .TV. Without coal you couldn't watch TV 
at all* V7ithout coal^any people v;ould not have 
electricity for *light. 

We know that strip mining leaves ugly scars on • 
th,e land. The coal mining companies now are bound 
by state lav? to restore land t;o -its natural and 
usable state. 



I would like to 
(Show and d*escri 
ai>d recreation a 
^Sta^tes Congress 
Safety Act. I,ad 
minindl com.panies 
money improving 
mi ners Safet^^^ 
•Neir\bers of' the - 



introduce Exhibits Q and D. 
be p:|.cture of replanted land 
rea.) Also, in 1970 the United 
passed the (Toal nine Health and 
ies and Gentlemen, all coal 

today spend a lot of tim.e and 
the working conditions of their 
nrcords are,m:Uch, much better, 
ury, I rest my case. 



Now we will' healr from the law^yer for the Utility 
Company. ' - ' - , ^ 



Lawyer 4 
Utility Company 



Our companies ar'e now following guidelines which 
were passed by Congress. The Water Quality Act 
sejis the standards .for v/ater quality. Th^ Clean 
Air Act gives guidelir^s for air -pollution . 
Utility companies are Duilding air cleaner plants 
to clean the ^air before it is put back into theH 
atmosphere. Protecting the environment costs a ^ 
lot of money, but we d'o it. ' . 
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I would' like to introdupe Exhibit E. (Show pic- ' 
ture and describe* it.) 

N^,^many cities are placing the high tension 
. lines underground. This way the land ,can be used 

for^ better^thJLngs . The land is pretty v/ithout ^ . 
-^the utility .poles. -But, Ladie$ and Gentlemen, 
^please rememiber that >7ith any source of fuel^^used 

to generate electricity, there will be environ-^ 

mental problems. ^ 
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Judqe 



Ccmt Reporter 
Judge 

Jury 



Court Pepcrter 
Judge 

rury Spokesperson 
Judge 



Do the iTiei'^ters of the juty have any questiojis for 
these lawyers? (Answer questions.) <;ould we 
Jiave a summary of the case for the coal and power 
companies? ^ * ^ * 

(Read notes of the coal company ^nd power com- 
pany presentations.) * ' ^ . 

The jury ir> excused to deliberate. The court 
will recess ;for a few m.inutes, (Judge raps gavel; 
all rise as judge leaves,) ^ 

(Debate and vote by show of hands-. A- majority vote 
decides the case. One juror should knock on the 
door and tell the court reporter when the jury 
has reached a verclict,) 

M:. rise. (Spectators rise for judge and ^ury 
who re-enter the courtroom. ) 

Jury, do you have a vfrdict? 

We have, Your Honor. (Give verdict.) 

(Sum up the verdict again ^ then excuse the spec- 
tators and everyone else.) Caurt is adjourned. 



Court Reporter All rise. (Judge leaves J You are excused* 



/ 
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student 
Activity 2 



Coal 



Sources- of Electrical Power 
PROBLEMS 

1« Hard to get from mine 

?. Causes erosion / air 
poJ 1 ut iop 

3. Can be dangerous tc 
miners 



4. 

\ 



Strip mining can, e- 
rode soil 



i 



BENEFITS 

1. Large supply 

2. Relatively inexpensiv-e 

3 • Safe to transport 



Nuclear Power 



1, Nuclear pollution 

2, Di f f icult to store 



Expensive to puild 
reactor^ 



1 • Large suppl y 

2. Clean' at the power 
plant 



Water 



/ 



Natural Gas 



Expensive to build ^ 

Dams use up farm land 

Possibility of flocd-* ^ 

Has to be trans ported 
to user 

Limited s-up^ply 



2, • Must be transported 

from site of production 



2. 
3, 
4 



Clean air 



2» Constant supply 



1* , Efficient conversion 
2. Doesn't pollute air 



i 



Solar/wind 
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1. Varies widely in dif- 
ferent climates 

2, Limited technology 



1 * Doesn' t pollute 

2. Unlimited source 

3» Source is avails 

able without charge 



(Accept other reasonable responses • ) 
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Lesson 1 



Student 
Activity 4 



BULBS AND BATTERIE§ CROSSWORD PUZZLE 



1 

6 




7 






• 0 








10 
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3 


















4 




• 


0 







































































Across 



Down 



VJord Box 
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2. 
3. 

5, 



6 

9, 



10. 



The source of electric energy used in this 
lesson, * , . 

Current flows in a 

One way to change an electrical sy^stem is 

to add more c i?' 

used to open and close a circuit. 

^ ^ the current can flow througl 

more than one path. 

Electrical are very i^seful. 

Current does not flow when we' have an 



In a ' 

one path, 
A ' 



is a very useful form of energy., 
^ . the current has only 



; is used .to explain the flow 

of large amounts of current that damage 
the system. ^ ' , 





CLOSED CIRCUIT 
SERIES CONNECTION 
OPEN CIRCUIT 
SYSTEM ^ 
SHORT CIRCUIT 



ELECTRICITY / 
SWITCHES 

DRY CELL : , 

PARALLEL CONNECTION 
BULBS - 
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New Yorl^ City Blackout^ July 13, 19>7 

New York City stopped at about 9:30 on a hot summer 
• night. The television screen , went blank. And lights 
went" outfall over the giant city. Over in the amuse- 
ment park the "Wonder Wheel" stopped with people at 
the top. It took a long time for workmen to crank 
the wonder wheel down by hand and let the frightened 

3 

, ^people get on the ground again. 

Trai^rj^-^opped running. Airports closed down. All 
airplanes had to go to. airport's in Newark , New Jersey 
or Philadelphia^ Perinsyl^nia where* the light^ were 
- still on. There were' no more red and green traffic 
lights. It became dangerous* to drive with traffic going 
in every direction that sonie peoole left 
their cars and began their long trip home on foot. 

Other people had to walk home in the dark when the ^ 
subways and the m-city electric trains had no more 
electric power. When the people got to their apart- 
ment buildings / they found they had to walk up to - 



ERIC \ 



8 



their apartments using the stairs. The elevators 

didn't work either I Inside, the apartment air was 

hot and atuffy because fans and air conditioners 

» 

quit running. People opened their windows to' get 
some air .an* shook their heads in amazement at the 
darkness all around. Some people laughed at the dark- 
ness^ but most grew very worried. All of a sudden 
the neighborhood seemed so different. So many dark 
places. Whktif the^ should get sick? Who could 
help them if theH^^hts went out in the hospital? 

As a matter of fact, in Bellevue Hospital, the city's 
largest hospital, doctors completed knee surgery on 
a patient by candlelight. And candles burned in 
nearly every room of the giant hospital. 




TheV were used in theatres and restaurants, too. But 

in some places there were no candles that could be 

lighted. The actors and the audience had to leave 

dark theatres and go out into the dJirk streets. 
✓ 

'"^What's wrong?" everyone asked everyone else. 

What went wrong was caused by lightning. During an 
electrical storm — which means l<^ts of thunder and 
lightning — way over in"^ Westchester Cotmty, lightning 
hit important power lines. These power lines con- 



nected the major power |)lant and the smaller power 
plants around New York?. These power plants shared 
the electricar system. 

Then lightning hit a large transformer near the 
Nuclear Generating Plant, starting a fire^ The 
fire caused -the transformer to explode and the nuclear 
power. plant had to shut down. Engineers tried to 
get power from the substation to get the electricity 
to run the city, but they overloaded the"^ system. 
The whole electrical system broke down, and blacked 
out a city of 10 million people! 

When the electrical system didn't work. New York 
didn't work. * 



Questions 1. Think back over the story • Find the place ^ 
about the. on the map.wher^ lightnirig first hit the 

Story power^^^lines . 

* 2. Tell in your own words why the systein/didn't 

work» Point to places oft the map tlfat show 
the chain of events that caused th9 blackout • 

3/ List some of the 'ways people in the story 
depended on electricity • 
- t * " ^ 

' — 4. Are these the same ways you use electricity? 
5,. Eow important is electricity in your life? 

* ^ ' 6. What coul^ you use instead of electricity to 

a. Heat your home? — — — - 



b. Have light to see by? 
i ^ 

c. Cook your food? 

7. How weM do you think your ideas will wqrk? 



8, What things that you, do now could you do 
even if you didn't have electricity? ^ 
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Stvrdent 
^Activity 1 



_ ^Elec^tricity from Falling Water 




Kydroelectrj.c power is provided by t^e ' 
'motion of* falling water. When w^ter 
which has been trapped in a" laxe behind . 
a dam is' released as nee4$*7 it caii be 
made to flow through the turbines which 
activate generators that make electricity* 



student Electric Power from Fossil Fuels 
Activity 2 • ' ' 



BoiieiJ 





Steam- 



Furnace 



Ifuel supply V 
i Fossil fuels - 






Fossil fuils (oil, gas, coal) produce 
electri*ca/. power by burning in a furnace 
to heat bfDilers that make steam. The 
steam tufrns a wlreel called^.a turbine. 
The turbine drives a generatoi: that make 
el^ctrictty . ' ^ - 



^ 
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student 
Activity 3 



Electricity from Urajpi 



urn 



Generator 
Low pressure 
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Uranium is used in a nuclear reactor to 
produce electrical power. The uiraniuih 
is split and gives off Ijfiat which makifes 
steam from the water. Tn^ steam turns a 
turbine which drives a^ge'herator . The * 
generator 'fnakes electricity . . y 



8i 



Stpdent Map Study Questions - ^ ^ 

Activity ^^ . - ; ^ • 

^tudy th^ map, Sources* of Fuel Used to Produce 
Electriciity. Answer these sentences Yes, or No. 

Part A 

1. lis coal found in the East? ^ 
^. * 2. Are there oil fields in the West? 

3. A^ uranium resources found in the South- 
wAt? ( ^ ' 

4. lafcoil found near the'Grecrt: Lakes?' f 

5. Derail o^^he states have gas and oil fields? 
^ 6. Can a coal miner find a job in West Virginia? 

7. ^ Are there uranium resources in New York? 

8. Does the Southwest have many oil and gas 
fields? 

> 9. Can uranium miners find work in California? 

10. Are coal and oil' found in Montana? 

11. Where wfould you expect to find -water sources 
for hydroelectric plants? Mark them in blue 
on the map. 

. \ 

> /. ' Part B , 

^ ^ • / 

Find' your state on^the map. .i^nswej: this question 

Are there any ^ fuel deposits ir| your state? 
Name it or. them* 
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Look at the circle graph. Then answer these ques 
tions. * 

1. Whatydoes the graph , shdw?-? . * v ■ 

2. How many kinc^s of, fuel are on -the graph? 

3. Which fuel is'«tised the most? - . 

4. Which ftiel is use<i the least? 

5. Write the name of the fuel dr> thB amount used 
in the .chart. » > ' 

^ — • Natural 

Oil Gas* Coal - ' 



/ 

4% . 15% 



6. What is the to€al amdCknt of- fuel used.? 
A^dd the percentages. 



'Crossword Puzzle Using Vocabulary Words from 
Lesson 3 
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V Words to choose from: 

!• Coal 

2, Electricity 

3, Fossil Fuels 

4, Gas f. 

5, Uranium 

6 • Hydroelectric 
?• Nuclear 
8/ Oil 
9, Steam 
10, . Turbine 



W Coal, oil anc^ natural gas are ^_ 

2. The fossil' f-iie!^ we use the most. 

3. Boiling waiter* makfes ^. 

4. The material used in nuclear reactors' is 



5/. T^e production of electricity by irxinning 
— 'water . " , ^ • ' * , 



6. 

8. 
9. 
10..- 



A blackv solid fossil fuel,. 
Airriike^^uel . 

Another name for at&mic . - ' 
UTsed by people for heat and light. 
A Wheel that made- to turn a generator by 
.\fater • or steam. 




Lesson 4 

Student 
Activity 1 



The Flow of Energy from Coal to Electricity ^ 

One way of producing electricity is to btirn coal 
in a boiler furnace. The heat of the burning cpal 
creates steam in the boiler. The steam turns the 
turbine and causes it to spin the moving part of 
.the electrical generator • The* generator changes, 
this energy of motion into electrical energy • 

L^bel each part. Then cut each part out and paste 
in the correct order in your notebook,- 






student Materials 
Activity 2 1. Coil of wire (5t) loops) 

' 2. Compass ^ ' 

3. Orie bar magnet 

Paper tube or piece of iron 
♦ . ^ 
Procedure : 

Arrange the materials as shown, making sure that 
the coil of wire is parallel to the needle of the 
compass, (See place marked a,) Move the magnet* 
back and forth through the coil of wire. Observe 
the compass needle, „.^ou have made a model of a 
generator, * 



Questions : 



flj 1, What happens to the compass needle when the 

magnet is moved in and out of the coil? 

2, What happens to the compass needle when you 
don't move the magnet in and out of the coil? 

. 3, Point to these parts in' the picture: 
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Student Read-A-Meter Exercise Sheet 
Activity 1 




.LEARNING TO READ METERS CAN HELP YOU LEARN TO SAVE 

ENERGY ^ 

The four dials on your meter record kilowatt houra^ 
Steps to foJLlow: — ^- 



3. 



4. 



Writ? down the number the pointier is 
pointing to. Your answer for reading the' 
meter<^^ove • is ^ • v..^.' 

f 



:<^abov 



To find how much electric^f^'^nWgy you've 
used in one month you must take two read- 
ings one month apart. Then you subtract. 



Example: November 1 reading: 8268 
October. 1 reading: - 7628 
Difference : 



kilowatts 
used 



One .kilowatt costs 4<?. Multiply your\ans- 
wer X 4<? to find the cost. V 

What would you do to find out the amount 
of electrical energy used in a day? 

To find out about how much is jised to 
heat or cool your home in a 24 hour 
iod, read the meter at bedtime and ag^in 
in the morning before other appliances 
are turned* on. 



Example 



6 am reading. . . . . 
10 pm 'reading. . /. . 
Wattage used in 8 hours ; 



Subtract 



Find the meter in the school. Compare 
school and home meter readings. Subtract, 
Which uses more energy?' -Can you thinjc of 
some reasons why? List^ them. 



> ^S.tu^enl^.!;^ ^Chfecklist for* an Inventory of Home Electrical 
, ^. ♦ . Appliances 



Activity 2^ 
I 



Directions: 



1. '^ Take this checklist homef and put a checkmark 
by each appliance you find there. 
, 2. ....Which appliances use the most energy in your 

\ 



N.:v'i'$ifQm€i?,-^% Circle them. 

■- ; < ' — « — 



Est. kw-hr^^) 
Consumed Annually 



FOOD PREPARATION 
S,;^ Blender 
^Broiler 

Carving Knife 

Coffee Maker 

Deep Fryer 

Dishwasher 

Egg Cooker 

Frying Pan 
.^o-Hot Plate 

Mixer , 
'"■^--^Ov.e n ,^ Mi c r owa^^e ( o n 1 y - 

Range ' 
• ^ with Oven .^^ 
' with Self-cleaning Oy^n 

Roaster 

; Sandwich Grill 
- Toaster 

Trash Compactor' ^ 
Waffle Iron ~ *^ 

Waste Disposer 



' 15- 
\ 100 
= ; 8 
. 106 
'83 
363 
14 
" 186 ' 
90 , 

13 /; 

190 

1,175 y 

1,205' 
205 
33 
39 
50 
22 

f 30 



FOOD PRESERVATION 
Freezer. ■ . ^ 

frostiest ^ 
Refrigerator ^ 

frostless ' " 
efrigerator'/Freezer 
frostless 



Ret] 



1,195 
1,761 
728 
1,217 
1,137 
1,829 
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LAUNDRY 
Clothes Dryer 
Iron (ihand) 

Washing Machine (automatic)' 
Washing Machine (noa--automatic) 
Water Heater 

Quick Recovery 



v 



993 - 
144 
K 103 
76 

4';2jj>' 

4,'8"ll 



■ ^ 



Est, 'kw~hr 
Consumed Annually 



CpMFORT CONDITIONING 

Air Cleaner 216 

Air Conditioner (room) * * 860 

Bed Covering 147 

Dehumidifier ^ 377 

^ Fan (attic) / 291 

Fan (circulating) ' 43 

Fan (rollaway) *' ' 138 

Fart., (window) . ' 170 

Hester (portable) 176' 

Heating Pad • 10 

Humidifier ^ ' ' , ^163 

Heater .•>{portable) - * " ' ;l7 0 

?Heating^ Pad ^ , ^ • 10 

H^X^H & BEAUTY ^, \ 

Hair Dryer * • 1 

Heat Lamp (infxared*^ / • 13 

Shdver . / ( 

Sun Lamp m 1 o 16 

Tooth Brush ; 1 \ ^ 0.5 

Vibrator ^ ^ ' 2 

^HOME ENTERTAINMENT 

Radio 86 

Radio/Record Player • '109 
Television 

Black-&-White 

Tube Type - 350 

Solid .State ' . 120 
Color 

. Tube Type • 660 

^ \ ^ ^ .'Solid State / 440 

. HOW^EWARES \ 1 \ . ^ 

^ciJck y \ ' t% ^ 

"^^Tloor Polisher / \ \ 15^-«. 

Sewing Machine 

^Vacuum Cleaner -"""^^ 46 

5 " 

(a) kw-hr = ^ilowattf hojojj y 

1 y4- , 



The checklist is from the Energy-Environment Source 
Book / • by John Fowler, published ^y National Scien6fe 
^Teachers Association, 19^5. .* ^ ' 



student Tips for How to SavepA-Watt 
Activity 3 • , • 

Here are some energy-saving tips. Can you think 
of other ways to save energy in the following 
cate'gories? . ' ' 

A. :f lug-ins/other 

" 1. Turn off lights when not in use. 
. ^ ~ 2. 

, ' 3. 

^B. Water Heating 

1. Wash dishes by hand or use the dish- 
washer when it is full. 

* ' ' ' 2. , 

3: ' ' ^ 

4 . ; . \ 

C. Heating/Cooling , 

1. Lower the-the-rmostat at night and 
when leaving on a trip. 

2. . . , ' 



Lesion 6 



POWER SUPPLY VS. THE PEOPLE AND THE LAND 



Judge 



Lawyers 



Witnesses 



Reporters 



Court Reporter 



Judge 



/ 
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Serious-minded' person, wears a dark rdbe and 
carri'es a gavel. Very fair. ^ 

Four' courtroom lawyers wear coats and ties 
(or dressy pants dr dress) , carrj^ briefcases 
with evidence in them. They have name tags 
such as Mr. Lopez, Esq. 

We have several coughing witnesses with dirty 
smudges on their f a'ces . They wear caps with 
lights on them. 

They always ask a^lot of questions and write 
things down in notebooks. Some use portable 
tape recorders. They wear name tags with things 
like KWXY-TV NEWS or Super City Herald on them. ^ 
They write ■ articles for the Class Newspaper* 
Some only write important headlines on the Chalk- 
board. 



Proceedings 

(Banging a gavel) . All rise for the entrance of 

the judge. This, is the case of '^^^^ (suggested 

name;. " Save-Our-Land Citizens Vs. J^e Many-Coifnty- 
Coal Company) . / 





You may be seated. 



Coal is a dependable s 
but we use coal at 



and health. Let 




for making electricity, 
LSk to our environment 
lopiC at the environmentalists' , 
side of the story and ■ then We shall listen to the 
coaj. mining and ufe^flity companies. Lawyers for 
the environmentalists, would you stand and state 
your case? 



J. 




O 



Lawyer 1,^ 
Environmentalist 



r . Lawyer ^2 , 

Environmentalist 



Getting the coal 'from the ground hurts the environ- * 
ment. Strip mining damages large areas of land. * 
A huge machine removes the soil to get the coal,v 
>This kin^ of mining 'causes erosion of the. land. 
Often there are landslides and f all itig rocks . 

I ,would like to inti^oduce Exhibit A. . (Hold up 
- picture of strip .mining! ) Underground mining^ is 
damaging also. Water seeps into the abandoned 
mines. The .water mixes with sulfur — that's some- 
thing that smells like rotten eggs— which makes.,-- 
the water unfit to use. Yeechl 

Ladies and Gentlemen of the jury, coal mining is 
also dangerous to the miner's health. Black lung 
disease has cost the miners the loss of their 
^ money 'and their lives. Many miners, get hurt in 
, ^ min^ accidents, too. 

You just heard about mining tlje coal. Making' 
electricity with coal is another problem. Burn- 
ing coal in the power plant gives oft hot gases 
/ and, sulfur which form smog. 

Carbon dioxide, another substance, is given off 
, / and changes the climate. Hot water, when it is 
duihped into nearby rivers and lakes, changes the 
environment of the plants and animals that live 
there'. 

» I would like to introduce Exhibit B. (Hold up 
* and describe picture of smoke stac)cs.) Even after , 

' the electricity is. made there are environmental 
problems. Ladies and Gentlemen of the jury, you ^ • 
have seen utility -poles carrying high tension lin^s. 
- ' * You know how ugly they arel These utility poles 

.and miles, of cables need a lot 'of .iand. When these 
high tension lines interfere with'your favorite . . 
' television program, then, members 'of the jury, 

something must be done.l. Ladies and Gentlemen, 
(looking meaningfully at the jury) 1 rest my case. 

• • Judge Members of the jury, you have heard the case for 

the environmentalists. Since this is a special 
- case,. I 'will now' open the court to questions from 
. the jury). Are ther^ any questions? (Answer 

questions.) 'Could we hear a summary of the envir- 
^ ^ . .onmentalists ' case please? 

Court Reporter' ' (Read notes on the environmentalists' .presentation.) 



Judge Now we will hear the case for the coal mining 
^ ^ and utility companies,! *Fifst we will hear from 

. \ the Many-County Coal Company. Lawyer, would you 

.state your case? 

Lawyer 3 Ladies and Gentlenjen of the jury, I .am here to show 
Coal Company you and the people that coal mining .is different. 

today. 

'•^ We .needocoal . ^ Coal is used to make electricity 

for your TV.^ Without coal, you couldn't watch TV 
at all. Without coal laanjy people would, not have 
electricity for light. , 

We know that strip mining -leaves ugly ^cars on 
the land. The coal mining companies how are bound 
by state law to^estore land" to its natural a^id 
usable state • ' ^ 

I would like to' introduce Exhibits C and D. 
(Show, and describe picture of replanted land / * 
and recreation area'^, ) Also, in 1970 the United ^ 
States Congress passed the Coal Mine Health and 
Safety Act. Ladies and Gentlemen, all coal ' ^ 
mining companies today spend a - lot of time and ^ 
money improvinig the working conditions of their 
miners. Safety records are much, much better. 
Members of the jury, I rest my cajse. 



Judge Now we will hear from the lawyer for the Utility 
. Compani^. ^ ' * ' ' 

Lawyer .4 Our companies are now J^ollowing guidelines which^ 
Utility Company were passed by Congress'. The VJater Quality Act 

^ 'sets the 'standards for water quali^ty; The Clean 
^ Air Act gives guidelines for air ^solluti^n*. 

Utility companies are builcjing air cfean^r ^plants 
' to clean the air before it is put back into" the 
atmosphere. Protecting the environment Qosts a^ 
lot of money, but we do it. ^ ^' ^ 

I would ll-ke to intrpduce Exhibit E. .(Show^pic- 
l:ure and describe it.) o ^ 

Now, many cities are placing the 'high tension 
lines underground. ' This way the land can fee used 
for better things. The land is^ pretty .Without 
the utility poles. Hut, Ladies .and Gentlemen ,\ ' 
please remember that with any source of fuel Used 
to generate electricity, there wilT be envj.rpn-v _ 
mental problems,. ' ^ ' * ^ ' i> ^ . , 
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Judge 

Court Reporter 
Judge 

Jury 

Court Reporter 
Judge 

Jury Spokesperson 
Judge 



Do the members of the jury have any questions" for 
these lawyers? (Answer questions.) 'Could we 
have a suiwnary of the case for the coal and power 
companies? ^ ^ / ^ 

(R^ad notes of *the coal company and power com- 
pany presentations . ) > 

The jury is excused to deliberate. The court 
will recess for a few minutes. (Judge raps gavel; 
all rise /^s- judge leaves.) 

< \ * 

(Debate and vote by show of hands. A majority vote 
decides the case. One juror should knock on the 
^ door and tell the court reporter "when the jury 
has reached a verdict.) 

g 

All rise. (Spectators rise for judge and jury 
who re-enter the courtroom.) 

Jury, do you have a verdict? 

We have, Your Hono^. (Give verdict.) 

(Sum up the verdict again, then excuse the spec- 
."^tators and everyone else.) Court is adjourned. 



Court * Reporter All rise. (Judge leaves.) You are excused. 




student. 
Activity 2 

doal 



Nuclear Power 



Water 



Natural Gas 



Sources of Electrical Power 
PROBLEMS 

T.' ^ , , « 

3. ■ * . 

( 

1. . ■ 

2. ' 

3 ' 

^. ■ ■ ■ \ 

2- - . 

3., \ . " - 

2. • ' 

* 0 

3°. 



BENEFITS 

\ 

1. • 



2. 
3. 

1. 
2, 
3. 

1. 
2. 
3. 

1. 
2. 
3. 



" Solar/Wind • 1. 

= 2. 
3. 



1. 

2. 

' i. 
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